Several species of aspergillus have been identified as pathogens in man, Aspergillus fumigatus being the most frequent. The syndromes described in association with this organism are: as an allergen in bronchial asthma, bronchopulmonary aspergillosis and bronchocentric granulomatosis, extrinsic allergic alveolitis, aspergilloma, and invasive or necrotising aspergillosis.45 In addition, A fumigatus may be found as a commensal in sputum. We now suggest that another category should be included-saprophytic invasion of infarcted lung tissue in which there is infiltration of the infarct by fungal hyphae extending to the margins of viable tissue. It is important to differentiate this condition from primary aspergillus pneumonia, a lesion that necessitates antifungal treatment.
Case reports CASE I
A 63-year-old diabetic, who smoked 20 cigarettes a day, had been ill six weeks before admission to hospital with a cough productive of purulent sputum, pleuritic chest pain, and generalised malaise. Chest radiography on admission (fig 1) showed a cavitated peripheral opacity in the left mid zone, suggestive of a peripheral carcinoma. FEV, was 1*6 litres (predicted 2-0 litres), FVC 2* At operation there was a 4-cm nodule in the left upper lobe, adherent to the overlying parietal pleura. In the posterior segment of the resected specimen there was an area of scarring about 3 cm in diameter containing several small multiloculated central cavities. The margins of the cavities consisted of inflamed granulation tissue and fibrosis with an appreciable inflammatory cellular infiltration, both acute and chronic.
The centre of the cavities contained necrotic lung tissue showing widespread penetration by masses of fungal hyphae, with the septate, branched morphological structure of aspergillus. Adjacent arteries showed recanalised thrombus, but a cross-section of the unaffected subsegmental bronchus draining into the area contained several small aggregates of fungal hyphae.
The appearances were those of an organising true infarct of the lung with saprophytic invasion by the fungus. rosis of the lung with thrombosis of larger branches of the pulmonary artery, probably as a consequence of radiotherapy. The arteries showed old organised thrombus in their lumina and in some areas there was recanalisation. There was saprophytic invasion of the infarcted tissue by fungal hyphae with actively growing aspergillus eroding through dead cartilage and necrotic bronchial walls (fig 3) . There were no metastatic deposits either in the liver or in lymph nodes and sections of the other organs showed no important histopathological features. irregular necrotic tumour mass measuring 5-5 cm in maximum diameter. Microscopically, the tumour had the histological structure of a moderately differentiated squamous carcinoma. The upper lobe contained an area of infarction measuring 5 cm in maximum diameter with early cavitation. Microscopically there was extensive invasion of infarcted tissue by fungal hyphae with the morphological characteristics of aspergillus. Vessels proximal to the infarct showed organising thrombus.
CASE 5
A 78-year-old railway driver had been ill for three weeks before being admitted to hospital with a productive cough, right-sided pleuritic chest pain, and increased exertional dyspnoea. He had received a year's course of antituberculosis chemotherapy several years previously, although the diagnosis had not been confirmed bacteriologically. His chest film at that time had shown minor fibrotic changes with calcification at both apices. Thereafter he had been seen regularly for some years but was later discharged from routine follow-up.
On admission he looked ill, was dyspnoeic at rest, and had a fever of 38°C. Scattered crepitations were audible and the chest radiograph showed inflammatory shadowing in the right upper zone ( fig  4) . The sputum was purulent and yielded a growth of type III pneumococci. The peripheral blood showed a neutrophil leucocytosis of 13-0 x 109/l. The presumptive clinical diagnosis was pneumococcal pneumonia and he was treated with parenteral benzyl penicillin and ampicillin for 12 days. His condition began to improve but his chest radiograph showed progressive consolidation in the right upper lobe with the development of early cavitation. He produced copious quantities of purulent sputum that contained eosinophils, and A ftumigatus was isolated from repeated specimens. Serum precipitins to A fumigatus were identified in the peripheral blood, but there was a negative response to skin prick test with extract of A fiumigatus. As the patient's condition had gradually improved and his fever had settled the antibiotics were discontinued, but his chest radiograph showed well-marked cavitation in the right upper zone (fig 5) . A fumigatus continued to be isolated from sputum in large numbers and aspergillus precipitins were still present in his serum.
The possiblity of secondary necrotising aspergillus infection was considered, but in view of his clinical wellbeing it was decided to withold antifungal treatment. Three days later he died suddenly.
At necropsy the main findings were confined to the lung. The right upper lobe contained an extensive infarct measuring 10 x 8 x 6 cm extending out to the pleural aspect and involving the whole of the apical segment. The bulk of the infarct had separated to form a large central slough leaving a cavity I group.bmj.com on April 12, 2017 -Published by http://thorax.bmj.com/ Downloaded from cavity formation in the upper lobe. The upper-lobe artery to this area showed laminated in-situ thrombus, but no thrombus was seen in the major pulmonary vessels. Surrounding the infarct there was acute bronchopneumonic consolidation, with evidence of older changes of organisation in the posterior segment of the upper lobe. No specific cause was established for the terminal episode, which appeared to be unrelated to the fungal infected infarct and was considered to be due to a sudden cardiac arrhythmia.
Discussion
Although it is not recognised as one of the main classical patterns of lung disease caused by aspergillus,56 saprophytic invasion of infarcted pulmonary tissue, of which we describe five examples, may be more common than is appreciated. The characteristic features in all five cases were widespread penetration of dead tissue by proliferating fungal hyphae with, in three cases, liquefaction and cavitation. This differs from the necrotising form of opportunistic invasive aspergillosis in that the tissue death came first. In none of the cases did the appearances suggest secondary necrosis of tissue as a consequence of fungal growth originating primarily in airways, as is seen in opportunistic invasive aspergillosis.347 In four cases there was evidence of old thromboembolism in vessels proximal to the areas of infarction and well away from the saprophytic fungal invasion of dead tissue. The fact that aspergillus can saprophytically colonise infarcted tissue has been known since 1856.1 9 In most cases colonisation of infarcted lung tissue by aspergillus is an incidental pathological finding, with no evidence of true parasitic invasion.2 The fungus can also saprophytically colonise and multiply on the surface of walls of preformed lung cavities caused by tuberculosis, bron- chiectasis, congenital cystic disease, emphysema, suppuration, and neoplasia and even cavities resulting from other fungal infections, notably histoplasmosis, without actual penetration of adjacent lung tissue.34 Possibly progressive excavation of infarcted tissue by the fungus might lead to the formation of an aspergilloma or mycetoma in the cavity so formed, giving rise to the development of an intracavitary fungal-ball colony. We have not found a record of this in the published reports.
Primary aspergillus pneumonia is stated to occur in the absence of the usual predisposing causes.34 10 In some instances the diagnosis has been claimed simply because aspergillus has been found in sputum in the presence of pneumonia." This alone gives insufficient grounds for such a diagnosis; and possibly saprophytic invasion of infarcted pulmonary tissue constitutes the basis for some reported cases of fungal pneumonia in the non-compromised host,'2 which-if it exists-is a relatively infrequent occurrence.
